A one-pot and three-component synthesis of 3-methyl-4-arylmethyleneisoxazol-5(4H)-ones was developed in the presence of DOWEX(R)50WX4 as the catalyst. The products were obtained in high yields (93-96%) and short reaction times (30-60 min). The present method provides an easy and efficient approach for the synthesis of this class of compounds, because of its clean reaction profile and operational simplicity.
Introduction
Isoxazole derivatives are a class of heterocyclic compounds featuring a variety of biological activities such as treatment of arthritis [1a] anti-viral [1p] , and anti-tuberculosis [1q] . Furthermore, isoxazolone moieties can also be found in compounds used for the design of liquid crystals [1r] , merocyanine dyes in optical research [1s-t] , and photochromic components [1u-v] . Literature survey shows that the synthesis of aryl-3-methylisoxazol-5(4H)-one derivatives involves a coupling of aromatic aldehydes with ethyl acetoacetate and hydroxylamine. This procedure has been performed by different reagents and catalysts in basic medium such as via pyridine [2a] Recently, we have reported that DOWEX(R)50WX4 (ion-exchange resin) is a strong acid been used for the regioselective synthesis of oximes by using an NH 2 OH . HCl/DOWEX-(R)50WX4 system [4a] , the reduction of a variety of carbonyl compounds such as aldehydes, ketones, α-diketones, acyloins and α,β-unsaturated carbonyl compounds to their corresponding alcohols by applying the NaBH 4 /DOWEX(R)50WX4 system [4b], the synthesis of cyanohydrins by NaCN/DOWEX-(R)50WX4 [4c], the reductive-amination of a variety of aldehydes and anilines by NaBH 4 /DOWEX(R) 50WX4 [4d] , and for the reductive acylalation of aldehydes by borohydrides/Ac 2 O/ DOWEX(R)50WX4-8 systems [4e-f]. These achievements encouraged us to probe the development of convenient and environmentally benign procedure by DOWEX(R)50WX4 as the catalyst for the synthesis of 4-arylmethylidene-3-substituted-isoxazol-5(4H)-ones. Thus, the synthesis of 4-arylmethylidene-3-methyl-isoxazol-5(4H)-ones was attempted by using equimolecular quantities of ethyl acetoacetate, hydroxylamine hydrochloride, and a variety of aromatic aldehydes in the presence of DOWEX(R)50WX4 as catalyst in water (Scheme 1).
Results and Discussion
Recognizing the MC-based processes as powerful methods for the synthesis of structurally diverse compounds [3], we conceived the preparation of diverse arylmethylidene-isoxazole-5(4H)-ones from the reaction between an aromatic aldehyde, hydroxylamine hydrochloride, and ethyl acetoacetate 192 J. Mex. Chem. Soc. 2015, 59(3) Davood Setamdideh (EAA) catalyzed by DOWEX(R)50WX4. In order to determine the optimal reaction conditions, we screened different amounts of DOWEX(R)50WX4 (0-2 g) ( Table 1 ) using benzaldehyde as a model compound. When the amount of DOWEX(R)50WX4 was increased from 0.5 to 1 g, the yield of product was improved from 60 to 95 % (entries 1-2). However, when the amount of DOWEX(R)50WX4 was increased to 2 g, a remarkable increase in the yield of the product was not observed (Table 1, entries 3-4). Consequently, the amount of 1 g for DOWEX(R)50WX4 was selected as the optimized amount of the catalyst for this procedure. The efficiency of this protocol was examined by the reaction of a variety of aldehydes with electron-donating groups (5b-e and 5n), with electron-withdrawing groups (5h and 5k-m), cinnamaldehyde (5f) as an unsaturated aldehyde, and furfural (5g) as a heterocyclic aldehyde. In general, aldehydes with donating groups react in shorter times. However, all reactions were completed in appropriate times within 30-60 min in excellent yields (93-96%) ( Table 2 ). The products were characterized by 1 H-NMR spectroscopy, considering the chemical shifts of the olefinic proton of the exocyclic methylene group (Table 2, column 7) and the methyl group (Table 2, column 8), which appear around 7.20-8.40 ppm and 2.21-2.33 ppm, respectively, as singlet signals. The C=O stretching frequency in the FT-IR spectrum of the products appears around 1714-1768 cm -1 (Table 2 , column 9). Melting points of the products (Table 2 , column 6) were measured and compared with the literature for the known compounds [2] . Two isomeric products the (E) and (Z)-arylmethylidene moiety are possible in these products. Characterization and comparison of the formed products with suitable references [2k and 2l] supports the selectivity for the formation of the (Z)-isomer. Therefore, the products are assumed to have the double bond with the (Z) geometry.
Two proposed mechanism for the formation of the products and the influences of DOWEX(R)50WX4 are shown in Schemes 2 and 3. It is likely that the SO 3 H groups on DOWEX-(R)50WX4 (as cation-exchange resin and strong acid catalyst) protonate the carbonyl group of ethyl acetoacetate and the aromatic aldehyde. Therefore, DOWEX(R)50WX4 activates aldehyde and ester moieties to produce oxime intermediate (A, scheme 2 and 3). In the first pathway (Scheme 2), the obtained oxime can react with the aromatic aldehyde. Then, the reaction proceeds via the intermolecular Knoevenagel addition to give the corresponding adduct (B), which is followed by a ring closure. Scheme 1. General procedure for the synthesis of (Z)-3-methyl-4-arylmethylene-isoxazol-5(4H)-ones (5) from the corresponding aromatic aldehydes (1) with hydroxylamine hydrochloride (4) and ethyl acetoacetate (2) in the presence of DOWEX(R)50WX4 (3) as catalyst in water at room temperature. Table 1 . Optimization reaction condition for the synthesis of (Z)-4-benzylidene-3-methylisoxazol-5(4H)-one (5a) from benzaldehyde (10 mmol), ethyl acetoacetate (10 mmol) and NH 2 OH.HCl (10 mmol) in H 2 O (10 ml) in the presence of DOWEX(R)50WX4 as shown in scheme 1. As shown in Scheme 3, an alternative pathway for the mechanism is the formation of the 3-methyl-5(4H)-isoxazolone (B) before the alkylidene formation by condensation with the aldehyde. Since the intramolecular attack of the oxime to the ester moiety may be a faster process than the intermolecular Knoevenagel adduct (B, scheme 2), it is expected that the heterocyclic formation were anticipated to the condensation with the aldehyde component.
These mechanisms are supported by carrying the reactions in the absence and presence of the catalyst. As shown in Table  1 , without any catalyst, the yields of the products were low even after long periods of time.
In order to show the merit of DOWEX(R)50WX4 in comparison with other catalysts (used for the same reaction), we have tabulated and compared some of the results in Table 3 . The comparison shows that the yields and reaction times are improved in the presence of DOWEX(R)50WX4. In addition, the work-up is easier (The ion-exchange resin DOWEX-(R)50WX4 is insoluble in H 2 O and its removal is very easy), the reaction conditions milder, the catalyst is reused, and by using water as a green solvent, are clear advantages for this new protocol, in comparison with other reported methods, which use more severe conditions and complicate extraction procedures. Scheme 2. The proposed mechanism for the synthesis of (Z)-3-methyl-4-arylmethylene-isoxazol-5(4H)-ones in the presence of DOWEX(R)50WX4.
We have checked the reusability of the catalyst by using the recovered DOWEX(R)50WX4 from the synthesis of (Z)-4-benzylidene-3-methylisoxazol-5(4H)-one (5a) as shown in Table 4. We have observed that the recovered catalyst could be satisfactorily used for the second run without regeneration. Whereas, a third run of the recovered catalyst leads to poor yields and longer reaction times. Likewise, the reaction was also efficient like the first run by carrying out the reaction in the presence of the regenerated DOWEX(R)50WX4 (Table 4 , entry 4). Regeneration of the latter was achieved by stirring in HCl 5-10% for 30-60 min, then washed with distillated water.
Conclusion
In conclusion, we have shown that DOWEX(R)50WX4 in water is a convenient catalyst for the preparation of a variety of alkylidene isoxazol-5(4H)-ones, using aromatic aldehydes, ethyl acetoacetate, and hydroxylamine hydrochloride precursors in one-pot, three-component condensation reaction at room temperature in excellent yields. High efficiency, shorter reaction times, easy work-up, mild reaction conditions, reuse of catalyst, and using of water as a green solvent make to this new protocol attractive for the synthesis of these heterocycles. Therefore, this a Isolated yield. b The mixture was allowed to stand 12 h after the completion of the reaction. c The mixture was allowed to stand overnight after the completion of the reaction.
Scheme 3. The another proposed mechanism for the synthesis of (Z)-3-methyl-4-arylmethylene-isoxazol-5(4H)-ones in the presence of DOWEX(R)50WX4.
new efficient protocol can be added to the list of the currently used methodologies.
Experimental
General. All substrates and reagents were purchased from commercially sources (Merck and Sigma-Aldrich). DOWEX-(R)50WX4 (100-200 mesh)(CAS No. 111134-61-4) was prepared from Sigma-Aldrich company. FT-IR, 1 H-NMR, and 13 C-NMR spectra were recorded on PerkinElmer FT-IR RXI and 300 MHz Bruker spectrometers, respectively. The products were characterized by their FT-IR, 1 H-NMR, and 13 C-NMR spectra and comparison with authentic samples. Organic layers were dried over anhydrous sodium sulfate. All yields referred to isolated pure products. The purity of products was determinate by 1 H NMR. Also, reactions were monitored over silica gel 60 F 254 aluminum sheet.
A typical procedure for the synthesis of (Z)-4-arylmethylene-3-methyl-isoxazol-5(4H)-ones
In a round-bottomed flask (25 mL) equipped with a magnetic stirrer, a mixture of ethyl acetoacetate (1.30 g, 10 mmol), hydroxylamine hydrochloride (0.7 g, 10 mmol), aromatic aldehyde (10 mmol), and DOWEX(R)50WX4 (1 g) in 10 mL of distilled water was prepared and stirred at room temperature for mentioned time in Table 2 . After completion of reaction (monitored by TLC), the precipitate was filtered off and washed with cold distilled water. Then products were recrystallized from ethanol or acetone as mentioned in Table 2 . Pure (Z)-4-arylmethylene-3-methyl-isoxazol-5(4H)-ones were obtained as solids after recrystallization from ethanol or acetone and were characterized by 1 H-NMR, 13 C-NMR, and FT-IR spectroscopy. 
Spectral data for prepared compounds: (Z)-4-benzylidene-3-methylisoxazol-5(4H)-one (5a)

